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(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a nitride 
semiconductor substrate having a good crystallinfty and 
a low dislocation through suppressing contamination 
caused by oxidation and the adhesion of dusts, and also 
to provide a method for growing the same. 

SOLUTION: The method for growing the nitride 
semiconductor substrate, has a process for growing a 
first nitride semiconductor 2 on the substrate 1 and 
then forming recesses and protrusions on the first 
nitride semiconductor 2, and a process for forming 
cavities in the recess of the first nitride 
semiconductor 2 and forming a second nitride 
semiconductor 3 on the first nitride semiconductor 2. 
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[!|#i*»*<D$EH] 

*tiMlE * ftSig* t f * af fc»¥»ffca OfE® U (±$kE 
1 X 1 0 7 iH/ c m 2 J3lT<OfigfiIttt«:#t* C 
t *#afci--&affc!»#*fc*«o 

[»*«4] «rlE*<E(±, t7T-f7, -> 

* T&titfr z> mi t w ftK*i*-e * o r , 

afeBLhU, ft 1 tf>affc»#*flE&aft3*, |g« 1 offl 

U ft 1 oaft»#*#±K» 2 Oftffc 

ftSTjtto 

[»*«6] aie»2oaffc!» J M*#«>j£*a, Rtf 
a 5 f»oft<b*^tt£&aftS2r&. 

/3?JiftgB#t^ a*afi-«:-B*«t::a$$M^i:«r# 

get -*-*a## 5 Kaoaffc»#»#*«o**;frfto 

[0 0 0 1] 

xA IyGhi-x-yN, OSX, OsSY, X+YS 1 ) OftJE 
[0 0 0 2] 

te<D&%^mit®¥mfezmf$.-fz?5m (elog (Epi 

tax i a 1 1 y laterally overgrown GaN)ft6ffi) •f) v &. / * 1 Sk 

lt$*trv^ 0 iEtt&Ko&v*aff:&¥*#aa&a& 

[0 0 0 3] M>SELOGSfSiLt, . J 

pn. J. Appl. Phys. Vol. 37 (199 
8) pp. L309-L312 (Cl±. r 4 T<0 cm 
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^IfiluaiRStfti-*- t75 ? M^$^Tv^ 0 Si0 2 ± 

tciiaft^sflsjintftjSftL^v^*, afta-tatt 
warn L.fca**afc Lra^iaiuaftw^a^ftfi 
i-& 0 a-ft^s^oBStsg^fc^-s^st-fc^r^ 

^rifijuiiafTLft^^*, s i O2_huei£t£aaoa 

10 itif') ^A£ftft$^&C:i:75 J -C#.z> 0 
[0 0 0 4] 

v^rti, s i 02*<o««a*». afta^attwaau* 

Kfi-fc-f <o . s i S i O2 

±fr h mim^mmm^mm l tz n , «•» l fc s i ^ 

0***affc*iN»fltUA»> G aNSrf5*Lfc»J LT, tt 
aao&T*a< :i«i„ — S i Oz<F>frm* 

[0 0 0 5] *l§^i4, aft»*-a#<0«*|6| 

ofteaatcij v^r, aafk»*a#5i*j. tf * * -> * ;w 
aa^aiaaa'aai Ltv^^ti: i 4±iea«* 
*»ifeu aaitofi.»«:afr:!»#a#a**s6LT» 
*t4;t«)-el4 at aa^i* * aa-*- 4 

[0 0 0 6] 

HWH 4 fcfco^&j BP*>. *5§9Jti, TIB* 

ft (1) - (7) (cj:oT±IE*aWOlW*aai"4 

( 1 ) a«±uaft»#a*w **i-4a*ta*a# 

4Sit, »£hffla«ow«a^affcw#aflt«i: ^* 
l, »a<k»*a#at««a.*ti-*a<ta*»fra 
o^Btziiefiitfis i x i o 7 fa/ c m 2 jtrF<o&$£fii 

(2) a«Eafta*a#a«uiJv»r, aaatetta 
itti, aiaciffla»«ji»4ij:viwriBa'ft!»*»fltao 

40 (3) aaafka-^attaauijvi-c, miefiffi^jH 

#ftj&tt-e**wfc*i*afc-*-*o 

(4) tteSfili, t7r^7, ^.tf^;p, ->';n 

(5) ^fflftSft^fflv^T, *«Lhlca^fca#»ff«r 

Mtsswifis^sfiMfifcoT. a«±. 
ftioaik^*^#^fts$-iir, im\<F>mm* 

R*&aarti-=*jv»raE» 1 oafr:^*s#oEisci-^ 
50 iH^rf^ft tx mtmi<omitwm^±^2<r>m.itm 
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(6) m&mitw*mfc&fc<r>m&ism~i5^x, m 

iz , aaa&a a* * km $ * & -r & 1 <&m t -r * . 

(7) iweEaffc!»**fr*«o«ft*ft(-ijv»T, a 

E»2oafM*MN*#o«fta, SOf/Jfcii^H 

[0 0 0 7] WJitc^i-.t^iz, *%WUJ3«t&aft!ft 
LT!i> affcW^NHfcKKliS* 

®*m.wi%Lb Ltaftft*««;* ! H«sti.= onset 

*ft*feAtLT#2 oaf * J&K $ 

ojgeo**i±iai (a) izm-rm i <oa«o«t«*»-c 

tt*a£ 1X10*1/ craUlifftti, f&ee^it 

•) , mn^^mmmt Lximmsm ixio ; i/ 
[0008] ttz, m.im*mft<r>&L&$f<r>ftm?j&t 

LTIi, ^ffiftftt-iJlt4l»IE»2oa'fk»#*fltOlR 

IJivCtCi l)*»«rfif-7o MOC VD^®tci5lt 
4ftftW*##Oiftfi-e*ittf, a*afl-K<±, 00 £.1* 
7>t-7?:ttlt4 0 %<r>tzsb, Zff>T >^e-Tcoit 
s£ffi:il££-<i-£ ^tCit) affcft*»fl£*BOfl-»*fT 

* f -c#*. -toft, a*Kftostt**i«>&ft:ft¥* 
t -eaa i 4 a* *Mn^t * f -e 

[0009] croioi:, *auij"tNi* i <nmWi^ 

mzwazBf&mi. KfcgiW.ftx<Dmm.KfcX'*, *) ^ 

gffi S*S^$-ti:^^UJ±^Ri:SfL^O 
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&^9.\*iX'(7>5rmz?T7i><?>X'$>t)^ -t<7>'&, %2<nm. 

itw^m^m.mzfto i><r>x$>z> a -?<Dfz#>. %-miz 

< , jzZLi-totii, Z t X*<r)&i\M*mte<r>mt*? >7» 
**>ffe±*$r< -fit J£Lk.fc<), &B1£e>& 

[ooio] 4^, -oaffc»#»fli:*«i4*ioa{fc 

fe<r>m.m x$> z>±m t mm& % <nm.im^wr>m.mz 
$ * & 7t #> x$> * o zofzibiz ami m¥-mwvL<r> 

t ote^ a»a*ft*5R«sat* u 
20 * u fiisi- jet # h o amm®. tLxa, 
eefS7i f i x i o 6 a/ cm 2 &Ttr* 

at" ^> t> O-CJi 4 v»**, Xh7-f 7^ K y h Wf- 
X<i^ftJ&K-C*ix(iW««tcJ: oaa>i ts Fffl*'o 
aa-e*4aft»#*ft:*«S:»4i t**rS«F* L 

[ooii] *%wuiiit4*«[t Lrii, afb»*# 
*^.o ife, C<0*«<i 1 2 0 0t:gS<o^;Sia)ti:it 

•6'£»a* f **o *<?>tzit>. afeatWBUUJ: iJl!fe*-*-4» 

^ ^a-ft%*»<* 4 -c# ^tf, affc!»#»#oi*ttfi: 
fc&Kaana* *> u — f - - tcit) 

mizjL^^^'-i &-r z>tzit>* wwx<ommia&-t> t x # 

[0 0 12] 

itW«MSi:ov>t^fl, 0 ii ( a ) -Hi 

50 (d) ii, *«wu4jct*aftft**#«««)«a*ffi 



5 

[0013] ii ( a ) i±*« i ±u» i <vmm*m 

ffc**»#««^ttf t»*«* t A 4- * if 
6*1*0 &Ki*<4ia£K-c&£4§6-(::tt, CM, R 

®, StfAlO^f n*>^il t 7 7 (A 1 

:0s) , Xt'^ (MgAl 2 0 4 ) Of o 

SiC (6H, 4H, 3C) fc^f* 
&o f«tti:Z nS, ZnO> GaAs, Si, ifcii 

[0 0 14] »KO±lH36»e*7r>^A'Lfc±m** 
If. £ 7 f y 7*1* U t77> ^OW L r> , 

9^a5«-o*®iaifii(±^p±sj-cj3«t-e-o. 5*>yx\-u 

-A, tt7CC;kJ:--?-2*>:7*7 h n-AgjJtcps^ 
tU J3i(iafll|jEL.<«*$;h.Tv»4<, gtSMfrn 
£5£<iii.fc-?- 1 5*>^7 h n-ASft(;HS?tLTv^ 

0. 1* -0. 5* geL^LT^i^ COii 

-AttT> $ <bt-«Fi L < (±2 5*>^^ hn-AjJ 
T, mi>tti L< Ii2 0*>-^X h D-AUTCti. 

[0 0 15] S/c, +77>^K7)t7ft#)!|S0. 0 1 
° -0. 5° , jfJKliO. 05° -0. 3° "C** 

v-<7>atso.*.-e»i Lv>„ it (112-0) B[A 
I]?r±Itnt7T'f7t*i4i:i, H!rfBlHl|{Ii<0^ 
^^{±^-0-^7 t^Tct) (l 1-0 2) ffi[R 
B]K*tL-C»i:fc7. h?* 7WitLO>SCt# 
ffi L<, (ill) ffi£±ffii-ts*fcf*;u-e<ii> 

dio) ffiuitLTSittfc* h7^7MitLtv> 

[0 0 16] ■*7 7'f7Cffi±Ufifttt#*#*»R* 
Hfp]tc^)^ 0 gEoTASim-LTSiS^TjiaiT*^ h =7 4 

sic friEL^iTUiaci*^ h9-f7*7B*ct 
«bo° -o. 5° <r>mmmi--rhLxfm-fz>tmM* 
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[0 0 17] A®4-±Itnt77-f7iI^ 

If*') 77l$RItt^t, RBtc*=f L-CSit*|6l 
WiKli, t>-TJ)Hz-fh-t) lv>i:f ffiT, h 

Tfift^jgfl^l&S L ^-T v >|>f ft * * Jt *i> , Ik(£co 

^«tv»af - 1 * ? t* § -So l 

i:^^*j-iH-0±®$r*7T>^;V$-«i-^:lfe«, $>blC7 
70 t y 7*1* t c * 7 r > ^ S * i m *< *tz 1 1 n it* 4f S 
L^„ *-7T > y^z+ktzm-ffi.zm^&t, se®ic3-& 

t7 7^7«tOXT V 7"IC«H (gaiJfi) 

t77-f 7©AlliitLT$Bi:fM?tit^l) t , d 

fk%*S#«0 7 -r y 7M^U — »f co*«#^[6] t -St 
L , U - -tfT^StBS. SCif) SLRSt $ it « C t t)^ & 

20 [0 0 18] itz'Al-. 7fc:^;u (MgAhOA) 

**<0)SftMSr (lll)IkU *'j79BSr (1 1 
0) IBti-it, flft%**#:(i (110) BtcitLT 
¥ ; ?T/7[6]i:)SeL^-r^fli|6]^-l»o iot, (1 1 

[0 0 19] itz, SSUCMtiSirolW 

tlio Us 7r|t LTI±, A1N, GaN> A 1 x 
Gai-iN (0SXS1) , IniGai-tN (0 
^X^ 1 ) ^rfm^hK&o 77ili3 0 0"C- 9 

o ox:<7)asr% mwi o*>rx hn-A-s^m, 
coA7 7 7giii«i tm\<r>mt^i^W2 t<ot§ 

40 t^T-#^.o 

[0 0 2 0] * 1 <?>m.it®>*mtt-2 t LXli, 

Z<r>m 1 Ogfbt>**#:2 (±, — I n i A 1 y 
Gai-x- y N (0^X<1, 0^Y<1, 0^X + 
Y<1) f$t-t* ! t^o «g?Jfti: LTI±, MO 
C VDSfir*<OftftT-*)ixlf. BStKiaSfc 1 0 0 O^Jil 
±t% isfl-triii I i^.ic(±tmg (b';^^;u**') 

7A) fTMA (h')^f*7A'5-'7A) , TM I 
50 (}^f)K>y'7A) ^^fflv», a^jgi:LTT> 
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X(ip^g^ffML7t4i*f$l&7tSi L ^ff^i--2» 
[0 0 2 1]%C, HI (b) H^-TiTH^ISlit- 
& 0 ^wt?oiHCi»tf:(i*«*«ai$**o-e(iJfc<, 

[0 0 2 2] ^•?->ff^OIH]Gti-^iZ(±-s'7.^?rffl 

«KRtLT<±, win, Kft^'f*, att^**. at 

(C. 1 2 0 0rW±Oi»*«r*1- iilfii. ? 
[0 0 2 3] iWSHWMStti: LT{±, CVD, 

LTI±, ^ h7-f ^fpITabtUf 5 - 50/imiL, t&^- 
IS(>R*:5-5 0^mi:-elSo CCT'O^g^co^ 
□BP*»»l©affc«^*fls2J=U(t4ia«5-C*4o 

w^umttu-f if mi , 11 2 wafk»**#n±* t '&*) s 
set a*-? § ?\ 4 r ttif k«e& * a<f & 

IEH**Jfc< ft •) i/N-JiUlEieH-Cfl* 
7Ki-5 - 5 O^mWi Lv>i£BT-2>& 0 m_t(- J: l)B 

* ufc* 1 oftft*#*flsoa» ten set oitiicaas* 
«£< 1-4 tot -rio .itui, » 1 oafk«*#flt±u 

tfimt L^tztbX'&ho 

[0 0 2 4] -?-cDft, x.;f>^i:J; «)G]Ci£fl2J£Lfc 
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m& 1 0 fi rat^ill^ 8 ^ mgSflx y * > 

«»ffl*i-4WC*tL(f, * 1 <7>aftf%¥»ffc2<7>[H]gr> 

4o Cftli, Sl£.««l*3-C<0»J»^nS:««pBli:i-4fc 
ibX$>2><, W±<£ i)x-y^>^<oiS?-C(±ft<, (Hlgpco 
BU?ri ? 2 /amJlT, $f£ L< (iO. 5 M m&.T t1rZ> 0 

[0025] ttz, &mm<n¥-mmtizi&mm. ttz 

itymizffrb-tzt &X- § fuf, mm. t t 
oiA izx*) n^-r 4 s i) % \zma ■? zzt &x° § 

[0 0 2 6] ^tl, ^xA-^^fl^iS^ ^ 

i'^-«rSlEit*tci»«i-*o cc-c, mi omit® 

*N X(±— B#Wl-jjE$ftv^ tf*4. RtL-^fi^MO 
CVDHIfiS^CIi, IfIf*l.7>' ; e-7<0 

Oil** 8'j7b ^ttT, 4fH<li4')7h )V\XTt 
L, L<(±tt73-S^t)<7)jt»^0. 1 'J y 

ti&t>m-t<r>Z]tib1uimfiti s * ?MtLtLi% 

50 HT-*^L(f^-/so*.iec:»)>^Mti--&^ttft^o - 
O^UiD. *l^aftfe#*^2^53-(l¥* s '(EjISn 
&<> W±t; J: 19 , * 1 <0&lt®)*mfe2 <7)WUl&M-t>m 

(c) izrn-rz n izmffi.-t>mm-?2>o *<r> 
fi£«*^*»i r>mtm*mw2 tra#tcLr»2 

OMfb^**#3 ?r^S$-<i--2.^ t-CBl (d) H^"T 

m 2 <Dmmm&&0r < , i&xmz&^x v— rm^z 
itm-rzztimmx'&Zo 

40 [0 0 2 7] ^^20f«W3tLtl±, -fe 
Sln.AlvGai-.-.N (0SX<K 0^Y 
<1> 0SX + Y<1) T-IfCt* f T-#4. ttz, / 
>V-~f, pIMfilK-7, nIMtK-7, pi 

&o ^2oafkt»**^3i±, ^1 wftft^#s^2± 

co«ST-*>4 traB#(C Hi (d) i:isitSilff)ft 

%L$L&X'mim¥mfc<r>w-mm*jii.fiL-rz> e l oar*ii 

50 ai-«N (0^X<1) irffl^iitifHo U± 
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[0028] mmm2. iifiic^^r, 

«^BfMHS:ia2(c^i"o SMfcKtt 1 Rtf2 KiJ 

*«tftft»#*fMlO«iBO|Ett*aEA«l x l o 7 « 

[0029] xtram ifcttimnB*2uji5^-c, a 
*#**«±uaft»#*#«ff-**fts**o «x 

(i\ ±E-C»6ii3taft***#aW[oaEiB±tc, n- 

[0 0 3 0] n-n>^^ LT(i> TMG ( h 'J 

*T)V1f*)*;<L) s TM A (h'J^f^T;^-^ 

1 0 0 Ot:- 1 0 5 OttS i K-^OA 1 x 
Gai-xN (0^X<1) %mW5 fxmVtiZ&Z**: 
4 0 97? ?W±mt LTti, TMG, TM I (h'J* 
f-;l/-f >v^A) . 7>*-rifflK SK£ 10 0 0 
mTCLTInxGai-iN (0^X<1) URM 
0. 1 S/zmt-ftg^^o n-^77KSttt(^ 
J&S?SKS: 1 0 0 OtWliat, (E^^TXtCTMA, 
TMGXtfT^-TSrfflv^ 7>K-7'OAlxGa 
i-xN (0£X<1) J:«^)Ai, ~>v>#^£K 
-7'L/:S i JlX10 18 /cm 3 -5xi 0 19 / 
cm 3 K-yL^GaNi^^BSJr^tLf'tll 0- 
1 0 0AOR*t?5-2 0 OBfcflilLTflWU 

im"CT > K-^OG a N£rRJ?0 . 15^^**^ 

[0 0 3 1 ] rStt««i. ">9>^t K-rifc I nx 
Gai-xN (0^X<1) immm (B) , T>K- 
^InxGai-xN (0^X<1) £#FHf (W) 
t LT. 1 4 OA. #pm*4 0 At LT. 

(b) / (w) / (b) / (w) (b) tLxmm 

m*g)5 0 0 AO^SS^-#j^«it (MQW) tt^>o 
±Ei:^tlOli:OTL, fWHMMtv > K- 

[0 0 3 2] ^ -v 7 ysi: t It C p 2 M 
i8lX10 18 /cm 3 -5X10 19 /cm 3 K- 
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yU:AlxGai-xN (0£X<1) SrRIf 1 0 0 
A T-fltK o V>-Jtif4 Vm t LTti, J&Ki^SS: 
ftl 0 0 0ti:L, 7>K-7'GaNtlf0. 15// 
mttgH^o I^t> 1 0 0 0tt*7>K-^A 
lxGai- x N (0 ^X< 1 ) £*)J&Z>Am, Mg K 
-"7"G aNJ; «9 Bl^f^flx 1 0-10 0AT-* 

TliMg K--/OG aNT% IS^ 1 5 OA^t^o 
10 [0 0 3 3] JEJLLKJ: »K »e>tLfcaffc»**#0## 
*«±Uft«S*fcaffc!»**fr*^iiSa^j3v^r L 
£vMt2. 8kA/cm2, 5 - 7 0 mWOffi^KiSV* 
Tf§«?£{|4 0 5 nmO««*i8a*»S>*i* 0 U— 

4 0 cou— vas^-o^^ji, i o o outran 

£tPU 3 0 0 0 0B#W£@;L& tO^SiTl^o £ 

e>u, 9»<b*L*a^t»#*#*«*^*# 

Sfili$li:fl^c:^^^o CtUi, fittest co 

20 *ft#w(i*ioafb*#*#oiEtt***^v^ (« 

[0 0 3 4] *|ftWUi5v^r, aft*^#ffo-«:S:i: 

LTi±, I n x A 1 y G a i - x - y N (0^X<1. 
0^Y<K 0^X + Y<1) "CSESil^o 4*:, II 

[0 0 3 5] *«Woaft»#**S:«ftS*4*i*4: 

HVPE (A7^K*«SSft) , MB E (^T-^ 
xt'^y-S) aft*##*t*ftS*4^^fi 

[oo3 6] ttz, mit®*&te<oi&mmzm^z>nM 

^aft^ltli, *«^:(iS i, Ge, S n. S. 

o, tu z r^co i vm. £l< ti v i wmm&m^ 

pS^*6»tLm Be, Zn.M 
40 n. Cr, Mg. Ca**Wb^o ifc. S20f 

S>F*EJft(i. 5X10 16 /cm 3 -5X10 21 /c 
m 3 <7)«lt K-m: fc^fiFi L^ 0 Sit 

(I I i/vo-e/uit) JHSLTS«?«ft:J: 

50 [0 0 3 7] 
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[HSfeffll] CI4:±ItL, *')77l^Altt4 

2 -f >^-^<r>^r y r j rmfczmfoi i~m^\ z<w-7 

t4T&®. \ *Kl&SHEM*]l=-fe7 h L, iS)££5 1 0 "C 
1-LT, 'J T^d*^ gft^CTVt-Ti: 
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